Polymeric nanocarriers with mucus-diffusive and mucus-adhesive properties to control pharmacokinetic behavior of orally-dosed cyclosporine A.
The present study develops cyclosporine A (CsA)-loaded polymeric nanocarriers with mucus-diffusive and mucus-adhesive potential to control pharmacokinetic behavior after oral administration for the treatment of inflammatory bowel diseases (IBD). CsA-loaded nanocarriers consisting of polystyrene (PS)-block-polyethylene glycol (PEG-CsA) and PS-block-polyacrylic acid (PAA-CsA) were prepared by a flash nanoprecipitation. Both nanocarriers showed redispersibility from lyophilized powder back to uniform nanocarrier with a mean diameter of approximately 150 nm. The nanocarriers exhibited significantly improved release behavior of CsA under pH 6.8 condition compared. A test of muco-diffusion, using artificial mucus, demonstrated the mucus-diffusive and mucus-adhesive potential of PEG-CsA and PAA-CsA, respectively, dependent on the lack of electrostatic interactions between the surface coated polymer and mucin. Oral administrations of PEG-CsA and PAA-CsA (10 mg-CsA/kg) in rats resulted in significant improvements of absorption, as evidenced by 50- and 25-fold higher bioavailability than crude CsA, respectively. PAA-CsA exhibited more sustained and slower absorption process of CsA than PEG-CsA, due to the different diffusion behavior within the mucus layer. In the rat model of IBD, significant suppression of inflammatory symptoms could be achieved by oral treatment with both CsA nanoparticles. These polymeric nanocarriers are promising dosage options to control pharmacokinetic behavior of orally-dosed CsA, contributing to the development of safe and effective treatment for IBD.